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experiences.  The applications of  intelligent  technologies  and  localised networks  are  growing 
rapidly.  Based  on  this  review  of  the  potential 





and  operations  at  multiple  scales,  from  the 

















ability  to  monitor  and  influence  behaviour  (through  feedback  mechanisms)  could  provide 
benefits  in  a  range  of  specialist  applications,  such  as  the  health  sector,  peak  demand  for 






For  the  full potential of digital  fixtures  to be realised will  require protocols and resources  to 
manage  the  way  data  is  collected,  stored,  transmitted,  analysed  and  integrated  with  other 
applications and data sets through the internet of things (IoT).  
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1 Introduction 
Since the development of the original dual flush toilet in the early 1980s, rapid advancements in 







education programs accelerated  the uptake of  efficient  fixtures.  In  Sydney  there was  a  20% 
reduction in total demand in 2008 from its peak in 2002. In the decade since, water demand has 
held steady at around this level despite the increase in population. This was achieved through a 
combination  of  behaviour  change,  efficient  appliance  purchases,  higher  prices  for  water, 





sustainability  drive  the  need  for  continual  advancement.  Future  strategies  to  reduce  water 
demand will require accurate and reliable data that can be meaningfully interpreted to enable 
utilities and building operators  improve  customer  services,  reduce water  losses and manage 





generation  of  fixture‐driven  water  efficiency.  Technology  providing  more  frequent,  higher 
resolution  and  remotely  accessible  data  generation  allows  both  data‐driven  change  and 




this  discussion  paper  to  demonstrate  the  value  and  potential  applications  of  smart  water 
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2 The drive for efficiency: efficient 
fixtures and behaviour change 




toilets,  and  clothes  washers),  a  significant  proportion  of  non‐residential 
sectors  (i.e.  commercial,  institutional and  industrial), as well as particular 
sub‐sectors  (i.e.  schools)  have  all  been  targeted  for  the water  efficiency 
programs  (Liu  et  al  2017).  As  a  result,  large‐scale  roll  out  of  low  cost 
efficiency  programs  focused  on  hardware  modifications  for  demand 
management  (such  as  showerhead  exchange  programs)  now  have  limited  impact  due  to 
saturation of the market. 
The  focus  of  these  Government  and  utility  programs  has  been  on  efficient  products  and 
technologies (which is critical to reducing water consumption); several studies have pointed out 
that  as  the  increasing  efficiency  of  fixtures  and  appliances  approaches  maximum  limits. 
Traditional,  large‐scale  hardware‐focused  demand management  programs  are  seen  to  have 
limited further potential. A focus on behaviour and duration of use is therefore likely to yield 


















Australian  Building Greenhouse  Rating  (ABGR)  to NABERS  in  2004  to  include  energy, water, 
waste and indoor environment quality, which further motivated building owners and operators 
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2.1 Development of efficient fixtures 
The Commonwealth WELS Act was  introduced  in 2005 to drive  the uptake of water efficient 
fixtures and appliances in Australia. The WELS scheme provides information to purchasers on 
water use of products using a system of mandatory labelling; all products cover by the scheme 
must display  their water use and a star  rating  to  indicate  their  level of water efficiency. The 
scheme requires all WELS products to be registered and labelled before they are sold in Australia 
(source:  www.waterrating.gov.au).  WELS  also  mandates  minimum  standards  for  toilet  and 




Table 1: Timeline of efficiency events 
Date Details 
1981 Caroma released first dual flush system released 11 litres / 5.5 litres on half flush. 
1988 National Water Conservation Rating and Labelling Scheme - voluntary scheme 
was established and administered by Melbourne Metropolitan Board of Works 
before being taken over by Sydney Water.  
1993 AS 3500 which specified the maximum allowable water use per flush for toilets. 
Caroma redesigned their toilet to 6 and 3 litres. 
1998 Launch of Australian Building Greenhouse Rating (ABGR) focused on energy 
1999 National Water Conservation Rating and Labelling Scheme taken over by Water 
Services Association of Australia (WSAA). 
2002 Green Building Council of Australia (GBCA) established 
2003 Green Star certification launched by GBCA 
2004 ABGR renamed as the National Australian Built Environment Rating System 
(NABERS) to expand its reach beyond energy, to water, waste and indoor 
environment quality. 
2005 Water Efficiency Labelling and Standards Act 2005 
Caroma 4.5 litre full flush / 3 litre half flush toilets enter the market 
2006 On 1 July 2006 it became mandatory for urinals taps toilets and washing 
machines to carry WELS rating label. 
2007 The first 5 star WELS rated toilets and urinals are registered 
2008 The first 5 star WELS rated dishwashers are registered 
2011 Setting of minimum standard for clothes washing machines in WELS 
6 star urinals become available. 
2013 6 star dishwashers become available. 
2016 New 4-star ratings for showers (lower flow rates than 3-star showers but need to 
pass spray force and coverage tests) in WELS. 
0.5 L flow rate reduction for 5-star urinals in WELS 
6 star toilets become available 
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Figure 1: Water savings due to WELS rated fixtures and appliances (Fyfe et al 2015) 
 
Efficient toilets:  
The first dual flush toilets where introduced by Caroma in 1981. Replacing 12 litre single flush, 





Figure 2: Stock of toilets models in Australia by star WELS band (ISF iSDP model) 









Figure 3: Water consumption in toilets in Australia with and without dual flush (ISF iSDP model) 
 
Efficient showerheads: 





Figure 4: Shift in shower volumes (Willis et al 2010) 
 
The Bathroom of the Future UTS-ISF   8 
2.2 The evolution of digital era and intelligent water metering 
Developments in intelligent water metering technology have evolved to a large extent from the 
energy sector, where smart electricity and gas meters and communications infrastructure have 
been more widely  introduced.  From an operational  and planning perspective, water utilities 
have used Supervisory Control and Data Acquisition (SCADA) systems to monitor network flow 






demands  (and  the  resultant  low  pressures)  across  the  network.  This  data  is  useful  both 
operationally and  for  longer  term planning  to  identify areas  in  the network where  there are 
higher flows, or where there are low pressures during peak demand. 
The  above  advancements  have  not  involved  the  end  user  in  any  way,  except  for  gradual 
development in the deployment and use of customer flow registration meters. The main drivers 
for  introducing  IM were the need to recover costs directly  from the customer,  to cut out an 
intermediary  body  and  to  ring‐fence  the  financial  operations  from  other  local  government 






Since  the  2000s,  utilities  have  become  interested  in  demand  side  management  and  water 
efficiency  in  an  attempt  to  delay  expensive  capital  investments  for  supply  options  and  to 
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Figure 5: Drivers for intelligent metering (Boyle et al 2013) 
 
2.3 End-Use Analysis and Efficiency 
Use of IM for end use analysis purposes reflects a growing interest in improving water efficiency 
at the level of each water using product or technology. Over the last decade, IM data has been 





shifts  and  the  introduction  of  new  technologies.  By  capturing  high  resolution  data  from 
individually  metered  households  and  network  zone  meters,  utilities  have  gained  an 





knowledge  required  for  optimising  operational  processes  and  planning  for  network 
improvements  (Beal et al  2014).  The data  is  also  critical  for  integrated  resource planning of 
urban water supply systems, which benefits from end‐use modelling for demand forecasting and 
the design, implementation and refinement of demand management programs. In addition to 
strategy planning purposes,  this data also provides  the opportunity  for a utility  to  reduce  its 
operational costs through asset management efficiency and upgrade deferrals.  
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2.4 Customer and user feedback  
Empowering customers and users with information about their consumption patterns and uses 
will allow them to make informed decisions about how they use water in future. By providing 
more  information  about  water  use,  which  can  then  be  converted  into  more  meaningful 
information for the user/customer, IM presents an opportunity to improve water literacy within 

















2.5 Pricing Reform  
While the elastic range of various end‐uses remains the subject of ongoing deliberation (Nataraj 
2007), the role of water pricing in regulating water consumption behaviours is well established. 
Australian  electricity  retailers  already  employ  time‐of‐use  tariffs  (TOUTs)  in  their  pricing 
structures to help regulate peak demand. IM offers this same potential for the water sector—
by shifting consumption from peak periods to non‐peak periods through information access and 
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2.6 Network Efficiency: Leak Management, Illegal Use and 
Asset Management 
Improved  leak management  in  the  residential,  commercial  and  industrial  sectors, municipal 
buildings (particularly schools) and within the water supply network is at the core of improving 
network efficiency, to which IM for mitigating and reducing losses is essential (Beal et al 2014, 
Britton  et  al  2008).  Network  water  losses  may  vary  between  5%  and  55%  of  total  supply, 
depending on factors such as number of connections, geography of the water supply network, 













flow  shower  fittings. Many  of  these  potential  areas  for  savings  would  apply  to  commercial 
buildings. A related aspect of leak management is pressure management. Water pressure can 
fluctuate  with  reservoir  levels  and  when  high,  the  risk  of  leakage may  increase.  IM  can  be 
employed to understand and manage network pressure and mitigate leakage through pressure 
reduction during low flow periods.  






may soon be able  to draw  inspiration  from these  large utility network applications of digital 
technologies and apply them on the smaller scale of building systems. 
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3 Going beyond water efficiency 
There are significant opportunities for leveraging the data and control features of smart devices 
to  capture  benefits  beyond  water  savings,  with  potential  for  improvements  in  building 
management and security,  intelligent monitoring control across multiple applications, energy 
savings and efficiency, and health and wellbeing.  
3.1 Building management 
Previous  innovations  in smart  lighting and ventilation have demonstrated that,  in addition to 
monetary and environmental savings from energy efficiency, there are a number of additional 
benefits for building management optimisation and ultimately for the end‐user (van de Werff et 
al  2018).  Monitoring  of  lighting  patterns  gives  building  managers  additional  information 








For  street  lighting, automatic outage detection and  remote monitoring allows operating and 
maintenance  costs  to  be  reduced  by  reporting  exactly  where  faulty  lights  are,  while  also 

















water  related  appliances  (Liu  et  al  2017).  A  lack  of  pressure  can  create  flushing  issues; 
conversely, too much pressure can cause undue strain on tapware, causing maintenance issues. 
Detecting  and  controlling  for  pressure  at  a  fixture  level  can  prolong  the  life  of  fixtures  and 
provide  water  savings  through  reduced  leaks.  If  higher  pressure  is  detected  in  a  urinal  for 
example, the volume of the flush could be reduced while still achieving adequate cleaning flows. 
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3.2 Intelligent buildings and the internet of things 
The “internet of things” (IoT) is the concept that describes merging information from a diverse 
range of sources and devices through a common language for devices and apps. By connecting 














underpinning  the  application,  and  most  importantly,  a  high  level  of  user  trust  and  data 
transparency. 
 
3.3 Health and wellbeing 
The ability to vary lighting levels in response to ambient light not only saves energy, but also has 
proven health and wellness benefits  for  inhabitants  (Chew et al 2017). Similar benefits have 
been shown from smart ventilation systems which adjust the airflow across the building based 





heating  costs,  reduce  scalding  risk,  and  ensure  adequate  temperatures  for  cleaning  or 
healthcare requirements.  
Remotely  monitoring  fixtures  and  fittings  to  ensure  they  are  being  used  may  provide  an 
additional level of surveillance of the infirm or aged to ensure their wellbeing in a nursing home, 
or  allowing  them  to  remain  in  their  own  unsupervised  environment  for  longer.  There  are 
however, potential ethical and privacy issues related with such an approach. 





lower usage through appropriate signage  informed by real  time data,  thereby enhancing  the 
user experience.  
 



























Figure 6: Residential use of hot water (ISF iSDP model) 
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4 What bathroom data could reveal 
There is the potential for digital fixtures to revolutionise both the management of fixtures and 





Figure 7: GWA smart control bathroom fixtures and data collection 
At a bathroom level, data collected from individual fixtures has provided a number of insights 
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Figure 9: Tap (Position 2) with sudden increase in use, indicating a leak 
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or  fixture  could  allow more  efficient  allocation  and  scheduling  of  cleaning  and maintenance 
staff. 








Figure 11: Toilet and urinal use within a bathroom with limited hand washing 
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5 Information collection and appliance 










managers  as  well  as  external  stakeholders  such  as  public  health  practitioners.  Examples  of 





ventilation or  taps),  five  key  strategic  components are  required:  (1)  the  smart  appliance,  (2) 
sensors and controls, (3) connectivity, (4) analytics and (5) intelligence (This is further described 
in Appendix 1). By incorporating the last two components, building operators would be able to 
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Figure 12:  Bathroom data - Information and Control
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6 Conclusions  
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Appendix 1. Processes of an intelligent monitoring system (modified from Boyle et al 2013) 
Parameter Measurement Transfer Processing/Analysis Feedback 
Mode  Water flow, pressure and data 
logger technology combinations 
used to capture information 
about water consumption and 
pressure in a network.  
Means by which data is 
transferred from and from 
meters and loggers. Data is 
transferred via broadband, 
cable or wireless (e.g., radio, 
GSM, CDMA*). May be fully 
remote or require near  
range collection (e.g.,  
via LoRaWAN network). 
Means by which the data is 
stored (e.g., data servers) and 
analysed (e.g., end-use 
analysis software package).  
Method by which data is provided to 
user/customers for interpretation, 
e.g., postal bill, email, web interface, 
smart phone application.  
Behaviour change may/may not 
ensue. 
Frequency The specified time intervals or 
number of pulses at which (i) 
activity is recorded by the 
meter; and (ii) data from the 
meter is collected by the data 
logger, e.g., 15 min intervals.  
How often data is sent or 
collected e.g., daily, half hourly, 
“real-time”.  
This will vary depending on the 
type of meter, e.g., pulse 
versus interval.  
The frequency at which this 
information is used to update u 
operations (e.g., for pressure 
management).  
The frequency at which information is 
communicated to the user/customer 
(e.g., quarterly, monthly, daily, real-
time, etc.). 
Resolution The granularity of the 
information (e.g., L/pulse) is 
determined by the purpose, 
capabilities and settings of the 
meter. The resolution of the 
recorded data will depend on 
the data logger, e.g., L/15 min 
(i.e., frequency of 
measurement, above). 
Resolution of data remains 
unchanged, though quality of 
data (i.e., complete/partial) may 
suffer from disruptions to 
transmission process.  
Data may be aggregated or 
manipulated to analyse trends 
(e.g., leak assessment; end-use 
analysis).  
The level of detail of information 
provided to the user/customer, such 
as usage per unit of time and/or end 
use breakdown. Comparative framing 
and benchmarking may aid legibility 
and comprehension. Content and 
framing should be informed by 
behaviour change theory, information 
about target audience and tailored to 
the mode in question. 
* N.B. CDMA = Code Division Multiple Access; GSM = Global System for Mobile communications—both are technology platforms for mobile/cellular telephones. 
